.630, p < .001. Aortic pulse wave velocity in the Guangzhou group was consistently lower than that in the Beijing group when compared in subjects with the same arterial pressure at the same age, indicating a difference in aortic distensibility between the two groups, independent of arterial pressure. Results in two ethnically similar population groups with low serum cholesterol and low prevalence of atherosclerosis but markedly different prevalence of hypertension suggest that salt intake has an independent effect on arteriolar tone and arterial wall properties, with the former indirectly and the latter directly contributing to increased arterial stiffness with age.
4.9% (Guangzhou) and 15.6% (Beijing). In Guangzhou subjects pulse wave velocity was consistently lower in the aorta, arm, and leg, and increased to a lesser degree with age compared with Beijing subjects. Regression equations (x = pulse wave velocity [cm/sec], y age [years]) were as follows: (1) aorta, Guangzhou: y = 5. lx + 533, r = .552, p < .05; Beijing: y = 9.2x + 615, r = .673, p < .001; (2) arm, Guangzhou: y = 0.61x + 817, r = .121, p < .05; Beijing: y = 4.8x + 998, r = .453, p < .001; (3) leg, Guangzhou: y = 4.43x + 718, r = .512, p < .05; Beijing: y = 5.6x + 791, r = .630, p < .001. Aortic pulse wave velocity in the Guangzhou group was consistently lower than that in the Beijing group when compared in subjects with the same arterial pressure at the same age, indicating a difference in aortic distensibility between the two groups, independent of arterial pressure. Results in two ethnically similar population groups with low serum cholesterol and low prevalence of atherosclerosis but markedly different prevalence of hypertension suggest that salt intake has an independent effect on arteriolar tone and arterial wall properties, with the former indirectly and the latter directly contributing to increased arterial stiffness with age.
Circulation 71, No. 2, 202-210, 1985. WITH ADVANCING AGE the aorta and large arteries become progressively less distensible, and the ability to absorb pulsations from the ejecting ventricle is reduced. 1-3 Although it is well known that aging causes changes in the structural components of the arterial wall,3'-there is no agreement on the effects of agerelated disease such as atherosclerosis and hypertension on arterial stiffening. In Occidental populations, where the prevalence of atherosclerosis is greater than in Oriental populations,5 6 reduced arterial distensibility with age is often assumed to be caused by cumulative changes in medial matrix properties (an aging phenomenon) and increase in thickness of the intimal layer due to atheromatous processes. However, it has recently been shown' that aging changes, even more marked than those seen in Occidental populations, are apparent in urban residents of Beijing, despite low prevalence of atherosclerosis in this community. Such findings suggest that atherosclerosis may not be a significant contributing factor to increased arterial stiffening with age.' This leads to consideration of arterial pressure as a possible dominant determining factor.
A recent nation-wide survey in 29 provinces in China has shown that urban Beijing has the second highest prevalence of hypertension (after Tibet7). The lowest was found in southern China, in the rural districts of Guangzhou. The difference in prevalence of hypertension in different regions has been attributed essentially to nutritional factors, specifically to dietary salt consumption.9' 10 The purpose of this investigation was to seek further information on the effects of arterial pressure and age on arterial distensibility. This has been achieved by noninvasive measurement of arterial pulse wave velocity (an established index of arterial stiffness>') in the southern Chinese community in rural Guangzhou. This rural community has a known low salt intake and low prevalence of hypertension compared with the northern urban community previously studied.' Both communities have equally low prevalence of atherosclerosis.
Methods
Procedures used in this study to measure arterial pressure, pulse wave velocity, and fasting serum lipid levels were identical to those previously described for the Beijing study.' In this study additional measurements were made of urinary sodium and potassium excretion.
Subjects. The 524 volunteers for this study comprised approximately one-third of a single production brigade (She Gang) in Pan Yu county. All were rural workers who had participated in other previous surveys under the direction of the Public Health Bureau. An even age spread was obtained by random selection of normal subjects of both sexes from the brigade's kindergartens, primary and secondary schools, adults engaged predominantly in rural activities, and persons living in retirement. All had been previously screened for symptoms or signs of cardiovascular or other disease. Subjects were not excluded on the basis of past disease or arterial pressure.
The age distribution for both male and female subjects is shown in table 1. Of the 524 subjects, one was an asthmatic, one had congenital heart disease (tetralogy of Fallot), one was anemic, and one had suffered a previous cerebral vascular accident with resultant left-side paralysis. Data from these subjects fell within the range of the group as a whole. Age of subjects ranged from 2 months to 94 years (mean 45.6 ± 15.3 years [SD]). Height ranged from 60 to 178 cm (mean 152 ± 18) and weight from 6 to 154 kg (mean 37.9 + 20.7). Procedure. The study was conducted in an evenly heated and ventilated room in the community hall at She Gang brigade, which was especially made available for this purpose during the month of October 1983. Temperature was fairly constant throughout the duration of the study (average room temperature 26°C). Subjects were recruited by volunteers from the Public Health Bureau and appointments were made to attend the clinic. The purpose and procedure of the study were explained and subjects were allowed to rest. All measurements were taken with the subjects recumbent. The protocol involved (1) measurement of blood pressure, (2) measurement of pulse wave velocity in the aorta, right arm, and right leg, and (3) second measurement of blood pressure. These data were obtained in all subjects. In a smaller subgroup of 104 subjects, measurements were obtained of fasting serum cholesterol and triglyceride levels and of urinary sodium and potassium excretion from 8 hr overnight urine collections. Blood and urine studies were performed in the same subject.
Arterial pressure measurement. A standard mercury sphygmomanometer was used to measure arterial pressure in the left brachial artery. A 13 cm cuff was used for adults and a pediatric 9.5 cm cuff was used for children younger than 10 years of age. The technique was similar to that used in a U. then taken at the intersection of the two lines. Transit times for 10 beats were averaged and designated At, the time required for the pulse to travel between the recording sites. Distance (Ax) was measured between recording sites by means of a tape measure over the surface of the body. The site for aortic arch flow was taken as the midpoint of the manubrium sterni. For the three arterial segments (aorta, arm, leg), pulse wave velocity was determined as Ax (cm)/,At (sec). As in the previous study,' attention was focused on age-related changes in aortic pulse wave velocity as being the most physiologically important.
Determination of serum lipid levels. Fasting serum cholesterol and triglyceride levels were determined in a subgroup of 104 subjects (ages 8 to 88 years). The age distribution is shown in table 2. Blood was collected by venesection from subjects fasted overnight on the same day of the pulse wave velocity study. Total serum cholesterol and triglyceride levels were determined in the Pan Yu County Hospital laboratory by the standard colorimetric method with the ferric chloride-acetic acidsulphuric acid technique, which was similar to that used in the previous Beijing study. ' Urinary excretion studies. Overnight urine was collected in 103 of 104 subjects in whom fasting serum lipid levels were determined (table 2) . Urine was collected for 3 consecutive nights and times of collection was noted for each subject. Aliquots were obtained for analysis of Na + and K + content. Analysis for Na+ and K+ was done with the flame photometry technique (Instrumentation Laboratory, Autocal Flame Photometer). Data for volume, Na +, and K + were converted to an equivalent 8 hr urinary excretion period for the 3 consecutive days. Data for the 3 collection days were averaged. Conversion to 24 hr excretion was done with conversion factors obtained from a previous study'3 (2. 65 for Na+ and 3.75 for K+).
Analysis. All data for each subject were processed by a PDP 11/03 digital computer, and relationship between variables was obtained by means of least-squares linear regression analysis. Statistical differences were obtained by a two-sample Student t test.
Results
Supine arterial pressure measurements showed relatively little change with age between the second and 204 sixth decade (figure 1). Of the 524 subjects, 26 were classified as hypertensive according to the WHO criteria of systolic pressure over 160 mm Hg or diastolic pressure over 95 mm Hg. Of these 26, seven were men and 19 were women, all over the age of 44 years. CIRCULATION the group as a whole, systolic and diastolic pressure increased significantly after the first decade, after which there was little change until the sixth decade. This pattern contrasts markedly with that found in the urban Beijing group (figure 1), which showed progressive increase in systolic pressure after the second decade and in diastolic pressure after the first decade. The maximum difference in systolic/diastolic pressure between the two communities was found at the fifth decade: Beijing, 138/86; Guangzhou, 115/74 (p < .001). The prevalence of hypertension found in urban Beijing and rural Guangzhou (Pan Yu County) in our investigations (figure 2) is in strong agreement with the much larger survey recently carried out in the whole of China.7 This indicates that both groups comprised a truly representative sample of the population in urban Beijing and rural Guangzhou.
Aortic pulse wave velocity increased with age ure 3 shows data from all subjects with a regr However, the marked increase in aortic pulse wave velocity with mean pressure at the same age found by Schimmlerl' in German subjects was not seen in this investigation. Pulse wave velocities in the arm and leg are shown in figure 6 . The regression equations for age (x) and pulse wave velocity (y) for the arm and leg were y = 0.61x + 817 (cm/sec) (r = .121, p < .05) and y = 4.43x + 718 (cm/sec) (r = .512, p < .05), respectively. The increase in pulse wave velocity in the leg with age was similar to that seen in the aorta, but values at all ages were higher. A much smaller increase in pulse wave velocity with age was found in the arm. Compared with the urban Beijing group, the rural Guangzhou group showed a much smaller rate of change of pulse wave velocity in the arm with essentially a similar change of pulse wave velocity in the leg (Beijing: arm, y -4.8x + 998; leg, y = 5.6x + 791).
Serum cholesterol and triglyceride levels did not change significantly between age groups (table 2). The average for the whole group was 4.34 ± 0.12 mmol/ liter (SE) cholesterol and 0.88 ± 0.06 mmol/liter (SE) triglyceride. Fasting serum cholesterol values were similar to those found in the Beijing study' (figure 7) and to those reported for Korean subjects. 16 As in our previous study in Beijing subjects' and in Schimmler's study in German subjects,'7 no significant relationship was found between pulse wave velocity and serum cholesterol concentration.
Mean 24 hr urinary Na+ and K+ excretion levels for different age groups are shown in table 2. Na+ ranged from 83 to 148 mmol and K' from 14 to 25 mmol. The overall average was 126 + 6 mmol (SE) Na+ and 21.1 ± 1.5 mmol (SE) K+. Na+ excretion was significantly lower than the 230 ± 7 mmol (SE) previously found in factory workers in Beijing'`and was comparable to that found in farmers in rural Guangzhou district (132 
